While there have been numerous studies concerning the replication of viruses in animal cells, little is known about the mechanisms by which tumor viruses interfere with the control of specific functions in differentiating cells and how the state of differentiation of a cell might influence its interaction with a virus.1-5 In order to carry out such a study, it is necessary to have a system in which cell interactions are either avoided or subject to experimental control. Probably the closest approach to this ideal would be the use of clonally derived differentiating cells. It is now possible to obtain clones of both differentiating muscle cells and fibroblasts from trypsin-dispersed suspensions of embryonic chick skeletal muscle.6 Since the interaction of Rous sarcoma virus (RSV) with chick fibroblasts has been extensively investigated in monolayer and clonal culture,7-10 we have studied the susceptibility of embryonic myoblasts to RSV. We now present evidence that the mononucleate myoblast is equally as sensitive to RSV as the muscle fibroblast and can be transformed and produce infectious virus in a manner practically indistinguishable from the muscle fibroblast.
While there have been numerous studies concerning the replication of viruses in animal cells, little is known about the mechanisms by which tumor viruses interfere with the control of specific functions in differentiating cells and how the state of differentiation of a cell might influence its interaction with a virus. [1] [2] [3] [4] [5] In order to carry out such a study, it is necessary to have a system in which cell interactions are either avoided or subject to experimental control. Probably the closest approach to this ideal would be the use of clonally derived differentiating cells. It is now possible to obtain clones of both differentiating muscle cells and fibroblasts from trypsin-dispersed suspensions of embryonic chick skeletal muscle. 6 Since the interaction of Rous sarcoma virus (RSV) with chick fibroblasts has been extensively investigated in monolayer and clonal culture,7-10 we have studied the susceptibility of embryonic myoblasts to RSV. We now present evidence that the mononucleate myoblast is equally as sensitive to RSV as the muscle fibroblast and can be transformed and produce infectious virus in a manner practically indistinguishable from the muscle fibroblast.
Materials and Methods.-Eggs: Fertile eggs from an inbred cross of DeKalb 131 chickens were obtained from Truslow Farms, Chestertown, Maryland. Although exhaustive tests were not made, spot-checking, coupled with routine use of embryos in virus assays, provided no evidence for the presence of interfering leukosis viruses (RIF).
Virus: The virus (RSV 7B) used to prepare stock virus was obtained from Dr. Harry Rubin.
It had been derived from the Bryan "high-titer" strain. Three-week-old chicks were inoculated with 104 focus-forming units (FFU) of RSV 7B in each wing. The largest tumors that. had developed within 7 days were used to prepare a 10% (w/v) extract in tris-buffered saline containing 10%7^calf serum and 0.02 mg/ml hyaluronidase (Worthington). The extract was stirred for 1 hr in the cold, clarified by centrifugation (2000 X g, 30 min), distributed in 1-ml aliquots in plastic tubes, and stored at -601C. These stocks titered between 5 X 106 and 5 X 107 FFU/ml.
Virus assay: RSV was assayed by the method of Rubin" with only slight modification. Primary cultures were prepared from individual trypsinized 10-day chick embryos. Standard assay plates were prepared and handled as described by Rubin, Scherer's maintenance solution being used instead of MI 199.12 Plates were incubated at 41'C rather than 371C."3 Four days after infection, 1 ml of MI 199 containing a final concentration of 0.91 gm NaHCO3 per liter was added on top of the agar. The plates were removed from the incubator 6 days after infection, then fixed and stained after a period of 2-4 hr. 14 Virus of known titer was assayed with each batch of cells as a control. Antiserum to RSV: Chickens in which tumors had developed and regressed after inoculation with RSV were given 106 FFU of stock virus intravenously as a booster and bled 7 days later. Before use, the serum was heated at 560C for 40 min. It is essential to use tested horse serum in order to obtain satisfactory muscle clones. To do this, F10515 is prepared, conditioned, and used for cloning muscle. Of more than 20 batches of horse serum, only three were satisfactory. Although these selected sera could be used for 3-6 months if stored at -60'C, they gradually declined in effectiveness. All media contained penicillin G, 100 units/ml; streptomycin sulfate, 50 pg/ml; and amphotericin B, 2 yg/ml. After mixing, all media were passed through 1.2, 0.8, and 0.45-I AMill;pore filters. Conditioned medium: A modified procedure based on that of Konigsberg' was used. Leg muscle from pooled 12-day chick embryos was dissociated and 1(7 cells were seeded in 100-mm pyrex Petri dishes containing 12 ml FM 510. The medium was changed on the following day. After 3 or 4 days of incubation (36.50C, 5% C02 in air, 98% relative humidity), the cells were removed by treatment with 0.05% trypsin in Saline G for 10 min at 36.50C, collected by centrifugation, and suspended in FM 510. One ml of suspension containing 2 X 106 cells was added to 150-mm pyrex Petri dishes containing 20 ml of FM 510 which had been equilibrated in the incubator. The medium was replaced after 2 days of incubation. When the secondary cells had become confluent (usually at 4 days), the medium was replaced with F10515. The culture fluid was harvested 6 days after the last change and sequentially filtered through 1.2, 0.8, and 0.45-,u Millipore filters to ensure sterility and absence of cells.
Embryo extract: Embryo extract was prepared from 12-day chick embryos as previously described,6' 17 except that the homogenate was frozen and stored at -60'C before centrifugation. After thawing, the homogenate was incubated with hyaluronidase (0.02 mg/ml) for 1 hr at 40C, ultracentrifuged (44,000 X g, 3 hr), and sequentially filtered through Millipore filters of decreasing pore size (10, 8, 5, 3 , and 1.2 ,u). The resulting preparation was frozen in aliquots at -600C until used.
Cloning technique: In order to study transformation of myoblasts by RSV, it was essential to have a method by which a substantial fraction of developing clones would form muscle (50% or more). In our hands, the ratio of muscle to total clones from primary cell suspensions was highly variable, in many cases giving as few as 5% muscle colonies with a plating efficiency of about 10%.
For this reason, the use of secondary cultures was explored. It was observed that in mass cultures, the bipolar myoblasts appeared to be more loosely attached to the plastic surface than were fibroblastic cells, making the following enrichment procedure possible. Differential trypsinization of primary muscle cultures: Suspensions of primary muscle cells from 2-3 pooled embryos were prepared and diluted to 2 X 106 cells/ml in FM 510. One ml (2 X 106 cells) was added to 4 ml of CM in a 50-mm plastic dish and incubated [18] [19] [20] [21] [22] [23] [24] hr. These cultures must be used before the myoblasts have an opportunity to fuse, a process which begins within 36 hr. The medium was removed and the plate washed three times with Saline G to remove unattached cells and debris. Two ml of a diltute solution of trypsin in Saline G was added and the plate incubated at room temperature. The optimal concentration must be determined for each batch of trypsin but usually lies between 0.001 and 0.0025%. After about 5 min the bipolar processes of the myoblasts retract and the cells round tip while the flattened fibroblasts are unaffected. Digestion is continued until the fibroblasts are just barely affected (usually [8] [9] [10] [11] [12] [13] [14] [15] Production of virus by isolated muscle colonies: To determine whether infected muscle colonies would synthesize infectious virus as well as be transformed, wellseparated muscle clones were isolated in porcelain cylinders. The medium in the cylinders was changed daily. Six days after infection the medium was assayed for RSV. The results are summarized in Table 3 . A total of 34 out of 93 muscle colonies (37%) were transformed. All of these transformed colonies were not assayed, since some were so small that the amount of virus they would produce would be below the sensitivity of the assay. Of the 46 colonies tested, 29 (63%0) produced virus. MNtany of the colonies scored as abortive showed evidence of transformation. However, these were not used to calculate rate of transformation. The rather large fraction of abortive colonies observed in these experiments is probably due to unavoidable handling of the cultures during isolation of clones. 1\Juscle cells are much more sensitive than fibroblasts to small changes in environmental conditions. A definite correlation between transformation and virus production was observed (Table 4) . Seventeen of the 23 virus-producing colonies were clearly transformed, whereas only one had normal morphology. On the other hand, only four of 16 nonproducers were transformed.
Comparison of virus production in muscle and fibroblast colonies: The results of an experiment to determine the respective capacities of infected muscle and fibroblast colonies to produce virus is presented in Table 5 . Clonal cultures were infected at 2, 4, and 6 days after plating. Seven days after infection the medium from each cylinder was assayed. No significant differences between muscle and fibroblasts in the fraction of productive colonies was found. Furthermore, the time of infection did not significantly affect the proportion of productive colonies. Although the proportions of producers was the same in both cells, fibroblast colonies produced more virus per colony, probably because fibroblast colonies contain more cells than muscle. Because of cell fusion in muscle colonies, no estimate of virus yield per cell could be made.
Discussion.-The experiments reported above establish that embryonic skeletal myoblasts are sensitive to Rous sarcoma virus. The criteria employed were (1) transformation and (2) the ability to support replication of infectious virus. Embryonic chicken fibroblasts in vitro have been shown to undergo a change in morphology from a flat stellate cell firmly attached to the culture dish to a round, loosely attached refractile sarcoma cell as a result of infection with RSV.7 18 Transformation of the mononucleated myoblast involves a similar rounding of the cell with loss of its polar projections. The slight differences observed in the transformation of myoblasts reflects their different pattern of growth and their ability to form myo- were prepared. After 3 days 0.2 ml undiluted virus stock was added (expt. II). and muscle colonies were ringed the next day. In expt. I the colonies were ringed on day 4 and the virus added to the ring on day 5. t Very small or unhealthy appearing colonies were not assayed.
t Also see Table 4 . The evidence presented above clearly shows that the myoblast, a cell still capable of division, can be transformed by RSV; it gives no information about the susceptibility of multinucleate muscle fibers. The fact that the development of muscle involves the fusion of myoblasts into multinucleate fibers in which there is no further division raises an interesting question.
It has been reported that DNA synthesis and cell division are essential for the expression of transformation of cells infected with at least three oncogenic viruses: polyoma,2225 SV40,26 and RSV.27 On the basis of experiments employing inhibitors of both the function and synthesis of DNA, it has been concluded that DNA synthesis is required for transformation of RSV-infected chicken embryo fibroblasts and for viral synthesis as well. 26 We may ask whether a cell which, in the course of its differentiation, having lost the ability to divide, remains susceptible to infection by RSV. Experiments bearing upon this question are reported in a separate communication.29
Summary.-Clonal analysis has shown that skeletal myoblasts and fibroblasts of the chick embryo are equally susceptible to RSV, as judged not only by their morphological transformation but also by their ability to produce infectious virus.
